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(57) ABSTRACT 

There is provided an image display apparatus having light 
emitting elements in its pixels, and capable of producing a 
high-resolution, multi-gray-scale-level display. In an 
embodiment of the present invention, each of pixel circuits 
is provided With a current limiting circuit for generating a 
speci?ed drive current and a time modulation circuit for 

(21) APPL NO; 10/438 037 modulating a duration of time supplying the speci?ed drive 
’ current to the light emitting element. In another embodiment 

(22) Filed; May 15, 2003 of the present invention, each of pixel circuits is provided 
With a current limiting circuit for generating a speci?ed 

(30) Foreign Application Priority Data drive current and a current generator circuit for generating a 
plurality of values of currents on the basis of the speci?ed 

May 17, 2002 (JP) .................................. .. P2002-142366 drive current. 
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IMAGE DISPLAY APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Technical Field of the Invention 

[0002] The present invention relates to an image display 
apparatus, and particularly to an image display apparatus 
having a light emitting element in each of its pixels. 

[0003] 2. Prior Art 

[0004] Among the image display apparatuses employing a 
light emitting element in each of its pixels, many reports 
have been made on EL displays using electroluminescent 
(hereinafter abbreviated as EL) elements. 

[0005] In the active matrix type EL display, Wiring lines 
for transmitting signals and currents are arranged in a matrix 
con?guration, and a pixel circuit formed of thin ?lm tran 
sistors (hereinafter abbreviated as TFTS), Which are active 
elements, is incorporated in addition to the EL element 
Within each of its pixels. 

[0006] As methods for the pixel circuit to control light 
intensity of the EL element, there are a method by control 
ling a voltage supplied to the EL element by the pixel circuit, 
and another Way by controlling a current supplied to the EL 
element by the pixel circuit. 

[0007] The method by controlling the current provides the 
folloWing advantages: (1) The control is facilitated because 
the light intensity of the EL element varies in proportion to 
the current; (2) The method is less susceptible to a voltage 
drop due to poWer supply lines; and (3) The method is not 
prone to deterioration of the EL element. A method of 
controlling light intensity of the EL element by controlling 
the current is reported in connection With FIGS. 7 and 8 at 
pages 875-878, IEEE, IEDM 98. 

[0008] FIG. 14 illustrates a conventional pixel using an 
EL element. A pixel 150 is composed of a pixel circuit and 
an EL element 156. The pixel circuit is composed of TFT 
151-TFT 154, and a capacitor 155. TFT 151 and TFT 153 are 
turned ON When an analog current IDADA, Which is a 
display signal, is Written into the pixel circuit, thereby the 
current IDATA ?oWs into the EL element 156 via TFT 151 
and TFT 152. The capacitor 155 stores a voltage V betWeen 
gate and source electrodes of TFT 152 Which is required for 
TFT 152 to How the current IDATA therethrough. The stored 
current is reproduced in the EL element 156 by turning ON 
TFT 154 and thereby supplying the current to TFT 152. At 
this time, since the voltage V is stored in the capacitor 155, 
a current ?oWing through TFT 154, that is, a current ?oWing 
through the EL element 156, is controlled by the current 
IDATA. The light intensity of the EL element 156 is pro 
portional to the current ?oWing therethrough, and therefore, 
the light intensity of the EL element can be controlled based 
upon the analog current IDADA, Which is the display signal. 
Among EL elements varying its light intensity in proportion 
to a current therethrough, an organic EL diode is knoWn. An 
image is displayed by Writing currents IDATA successively 
into such pixels arranged in tWo dimensions. 

SUMMARY OF THE INVENTION 

[0009] Problems to be Solved by the Invention 

[0010] In a case in Which display signals in the form of 
analog currents are Written into pixels as shoWn in FIG. 14, 

Nov. 20, 2003 

the display signals are supplied successively into a plurality 
of pixels via the lines 161. The line 161 has capacitive load 
162 formed With components of the display such as inter 
secting signal lines, adjacent Wiring lines, and electrodes of 
the EL elements. It is inevitable to charge the capacitive load 
162 for transmitting a current signal to an intended one of 
the EL elements from a current drive circuit 157 external to 
a display region Where the pixels are disposed. 

[0011] Time required for charging the capacitive load 162 
is in inverse proportion to a current based upon a relation 
ship C(capacitance)><V(voltage)=I(current)><t(time). Conse 
quently, in a case in Which a pixel produces a dark display, 
time required for charging the capacitive load is increased 
because a current ?oWing through the EL element is reduced 
compared With a case in Which the pixel produces a bright 
display. For example, if time required for charging the 
capacitive load is 1 us When the brightest display is pro 
duced, then the charging time is 10 us When one tenth of the 
brightest display is produced, and the charging time is 100 
us When one hundredth of the brightest display is produced. 

[0012] On the other hand, time required for transmitting a 
current signal to an intended one of the EL elements from a 
drive circuit external to a display region Where the pixels are 
disposed must be one line period at the longest. One line 
period is equal to time for Writing display information into 
pixels arranged in a horiZontal line, and decreases With 
increasing resolution, as about 60 us for resolution of QVGA 
(320 pixels><240 pixels), about 30 us for resolution of VGA 
(640 pixels><480 pixels), about 20 us for resolution of XGA 
(1024 pixels><768 pixels). It is dif?cult to display multi-gray 
scale image, and further, one line period is shortened, and it 
becomes dif?cult to con?gure a high-resolution EL display. 

[0013] The present invention Writes a relatively large 
current for causing a pixel to produce a bright display into 
the pixel as a reference current, and produces a plurality of 
gray scale levels on the basis of the reference current. 

[0014] Means for Solving the Problems 

[0015] An image display apparatus in accordance With the 
present invention is provided With current limiting means for 
producing a speci?ed drive current in a pixel circuit, and a 
time modulation circuit for modulating a length of time for 
supplying a speci?ed drive current to a light emitting 
element. 

[0016] Further, in the image display apparatus in accor 
dance With the present invention, the time modulation circuit 
modulates by using analog voltage signals or digital signals. 

[0017] Further, an image display apparatus in accordance 
With the present invention is provided With current limiting 
means for producing a speci?ed drive current in a pixel 
circuit, and a current generator circuit for generating cur 
rents of different values on the basis of a speci?ed drive 
current. 

[0018] Further, in the image display apparatus in accor 
dance With the present invention, the values of currents 
generated in the current generator circuit are controlled by 
display signals in the form of analog voltage signals. 

[0019] Further, in the image display apparatus in accor 
dance With the present invention, the currents generated by 
the current limiting means are maximum currents ?oWing 
through the light emitting element. 
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[0020] Further, the image display apparatus in accordance 
With the present invention is provided With a reference 
current source for generating a reference current serving as 
a speci?ed drive current outside of the pixel circuit, and its 
current limiting means generates a current proportional to 
the reference current generated by the reference-current 
source. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a circuit diagram illustrating piXels and 
their peripheries in a ?rst embodiment in accordance With 
the present invention. 

[0022] FIG. 2 is an illustration of a con?guration of an 
embodiment in accordance With the present invention. 

[0023] FIG. 3 illustrates a drive voltage Waveform, an 
operating voltage Waveform, an operating current Wave 
form, and their timing charts during one frame period, of the 
piXels in the ?rst embodiment in accordance With the present 
invention. 

[0024] FIG. 4 is a circuit diagram illustrating piXels and 
their peripheries in a second embodiment in accordance With 
the present invention. 

[0025] FIG. 5 is a circuit diagram illustrating piXels and 
their peripheries in a third embodiment in accordance With 
the present invention. 

[0026] FIG. 6 illustrates a drive voltage Waveform, an 
operating voltage Waveform, an operating current Wave 
form, and their timing charts during one frame period, of the 
piXels in the third embodiment in accordance With the 
present invention. 

[0027] FIG. 7 is a circuit diagram illustrating piXels and 
their peripheries in a fourth embodiment in accordance With 
the present invention. 

[0028] FIG. 8 illustrates a drive voltage Waveform, an 
operating voltage Waveform, an operating current Wave 
form, and their timing charts during one frame period, of the 
piXels in the fourth embodiment in accordance With the 
present invention. 

[0029] FIG. 9 is a graph shoWing currents i1 and i2 versus 
a voltage difference betWeen Vdata1 and Vdata2 

[0030] FIG. 10 is a circuit diagram illustrating piXels and 
their peripheries in a ?fth embodiment in accordance With 
the present invention. 

[0031] FIG. 11 illustrates a drive voltage Waveform, an 
operating voltage Waveform, an operating current Wave 
form, and their timing charts during one frame period of the 
piXels in the ?fth embodiment in accordance With the 
present invention. 

[0032] FIG. 12 is a circuit diagram illustrating piXels and 
their peripheries in a siXth embodiment in accordance With 
the present invention. 

[0033] FIG. 13 illustrates a drive voltage Waveform, an 
operating voltage Waveform, an operating current Wave 
form, and their timing charts during one frame period, of the 
piXels in the siXth embodiment in accordance With the 
present invention. 
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[0034] FIG. 14 is a circuit diagram illustrating circuits of 
conventional piXels employing EL elements. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0035] (1) FIG. 1 is a circuit diagram illustrating piXels 
and their peripheries in a ?rst embodiment in accordance 
With the present invention. A plurality of piXels 12 are 
arranged in tWo dimensions in a display region 11 for 
displaying an image. The piXel 12 is composed of a piXel 
circuit formed of TFT 13-TFT 18 and capacitors 19, 20, and 
an EL element 21. A cathode of the EL element 21 is 
connected to a common electrode 29. All of TFT 13-TFT 18 
are n-channel type thin ?lm transistors. Arranged in a matriX 
con?guration in the display region 11 are signal lines D1, D2 
for transmitting analog voltage signals containing display 
signals, lines E1, E2 for supplying a current serving as a 
reference, and a current to be ?oWed into the EL element 21, 
and signal lines W1, W2, P1, P2, L1, L2, R1, R2 for 
controlling the piXel circuit of the piXel 12. 

[0036] A reference-current source 22 is disposed outside 
of the display region 11, and is composed of a plurality of 
TFT-resistor combinations arranged laterally in FIG. 1. 
Each of the TFT-resistor combinations is formed of TFT 23, 
TFT 24, and a resistor 25. The reference-current source 22 
is connected to a signal line S _poW carrying a signal for 
sWitching betWeen the reference current and a poWer-supply 
current, a poWer supply 26 for supplying a current to the EL 
element 21, a poWer supply 27 for generating the reference 
current, and lines E1, E2. The negative side of the poWer 
supply 27 is connected to a grounding electrode 28. The 
grounding electrode 28 and the common electrode 29 are 
electrically connected together. 

[0037] FIG. 2 is an illustration of a con?guration of an 
embodiment in accordance With the present invention. The 
display region 11 is disposed on a surface of a glass substrate 
1, and a plurality of piXels 12 are fabricated in the display 
region 11. 

[0038] With the con?guration of the embodiment of the 
present invention in FIG. 2, in the ?rst embodiment of the 
present invention, disposed on the surface of the glass 
substrate 1 are the signal lines L1-Ln, W1-Wn, P1-Pn, and 
R1-Rn, the signal lines D1-Dm, lines E1-Em, a scanning 
circuit 2 for generating control signals for the signal lines 
L1-Ln, W1-Wn, P1-Pn, and R1-Rn, a signal circuit 3 for 
generating signals for the signal lines D1-DM, and a refer 
ence current source 22 for generating currents in the lines 
E1, E2. The scanning circuit 2, the signal circuit 3, and the 
reference current source 22 can be formed by fabricating 
thin ?lm transistors on the glass substrate 1, or can be 
formed by attaching semiconductor LSIs on the glass sub 
strate 1. Capability of the scanning circuit 2 for supplying 
signals to the signal lines L1-Ln, W1-Wn, P1-Pn, and R1-Rn 
is improved by arranging the scanning circuits 2 on opposite 
sides of the display region 11. The signal circuit 3 and the 
reference current source 22 may be disposed either above or 
beloW the display region 11 in FIG. 2. The scanning circuit 
2 is a logical circuit for generating binary digital signals for 
the signal lines L1-Ln, W1-Wn, P1-Pn, and R1-Rn. The 
signal circuit 3 is an analog circuit for supplying display 
signals in the form of analog voltage signals to the signal 
lines D1-Dm. Although not shoWn in FIG. 2, the common 
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electrode 29 is formed to cover the display region 11, and is 
connected to the cathodes of the EL elements 21 of the pixels 
12. Light emitted from the EL element 21 of the pixel 12 
passes through the glass substrate 1 toWard its rear surface, 
and a display image is vieWed from the reverse side of paper 
of FIG. 2. If the common electrode 29 is made of transparent 
material, the display image can also be vieWed from the 
front side of FIG. 2. An organic EL diode can be used as the 
EL element 21. If red, green, and blue light emitting mate 
rials are used for corresponding ones of the EL elements 21, 
a color display can be produced. 

[0039] Incidentally, the display region 11 is illustrated as 
formed of only four (2x2) pixels 12 in FIG. 1, but the 
display region 11 intended for practical use has a larger 
number of pixels. In the case of resolution of color VGA 
(640 pixels><3 colors (red, green and blue)><480 pixels), the 
number m of pixels arranged in a horiZontal direction in 
FIG. 2=1,920, and the number n of pixels arranged in a 
vertical direction in FIG. 2=480. The numbers of the signal 
lines D1-Dm and the lines E1-Em are 1,920, respectively. 
The numbers of the signal lines L1-Ln, W1-Wn, P1-Pn, and 
R1-Rn are 480, respectively. 

[0040] FIG. 3A illustrates a drive voltage Waveform, an 
operating voltage Waveform, and an operating current Wave 
form of the pixels in the ?rst embodiment in accordance With 
the present invention, and FIG. 3B is a timing chart of the 
Waveforms of FIG. 3A during one frame period. The 
abscissa of FIG. 3A represents time, there is discontinuity in 
time in portions indicated by Wavy lines, and this means that 
it is possible to change the order of arrangement of times A1, 
A2, B1, B2 and C. S_poW, L1, R1, P1, W1, and D1 represent 
voltages supplied to their corresponding lines on corre 
sponding ones of the ordinates. “a” and “b” of FIG. 3A 
represent voltages appearing at nodes a and b in FIG. 1 on 
the respective ordinates. ILED indicates a current ?oWing 
into the EL element 21 on the ordinate. In FIG. 3A, the more 
positive values are nearer the top of FIG. 3A. The signals of 
S _poW, L1, R1, P1, and W1 are binary logical voltages, H 
and L levels, and the signal of D1 is an analog signal voltage. 
The H level is a voltage higher than a voltage capable of 
turning ON any of TFTs in the pixel 12, and the L level is 
a voltage loWer than a voltage capable of turning OFF any 
of TFTs in the pixel 12. Hatched portions in FIG. 3A 
indicate they can take plural values, or they are not relevant 
to operations. 

[0041] A suffix “1” in L1, R1, P1, WI, and DI in FIG. 3A 
indicates that they are signals supplied to the pixel 12 in the 
?rst column and the ?rst roW, and therefore voltages L, R, 
P, W and D for other pixels are folloWed by numerals 
indicating roWs or columns associated With them. 

[0042] In the timing chart in FIG. 3B, the ordinate rep 
resents line numbers in the display region 11, “mth” indi 
cating that a given pixel 12 is in the mth line from the top 
of the display region 11, and the abscissa represents time in 
one frame period. 

[0043] One frame period is divided into a time A for 
Writing display signals into pixels, a time B for Writing a 
reference current into the pixels, and a time C for the EL 
elements to emit light and thereby to display an image. 
Further, the time Ais divided into times Al each of Which is 
used for Writing display signals into pixels in a given line 
and times A2 each of Which is used for Writing display 
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signals into pixels in lines other than the given line, and the 
time B is divided into times B1 each of Which is used for 
Writing a reference signal into pixels in a given line and 
times B2 each of Which is used for Writing the reference 
current into pixels in lines other than the given line. 

[0044] During the time A, the times A1 are assigned to 
successive time positions of the ?rst (at the beginning of the 
time A), second, third, . . . , nth lines (at the end of the time 
A), respectively, and the rest of the time A after the times A1 
are the times A2. In the similar Way, during the time B, the 
times B1 are assigned to successive time positions of the ?rst 
(at the beginning of the time B), second, third, . . . , nth lines 
(at the end of the time B), respectively, and the rest of the 
time B after the times B1 are the times B2. 

[0045] During the time A1, TFT 13-TFT 15 and the 
capacitor 19 of the pixel circuit operate. When the analog 
voltage signal Vdata, Which is a display signal, is supplied 
to the signal line D1, the voltage is also supplied to one 
terminal of the capacitor 19 coupled to the signal line D1. 
Initially, When the signal line P1 is changed to the H level, 
the voltage is transferred to the node b via TFT 15. Next, 
When the signal line W1 is changed to the H level, TFT 13 
is turned ON, and the node b also goes to the H level. 
Thereafter, When the signal line P1 is changed to the L level, 
a current ?oWs through TFT 14, and there remains at the 
nodes a and b, a threshold voltage vth Which is a voltage 
betWeen the gate and source electrodes of TFT 14 just 
enough to sWitch betWeen ON and OFF states betWeen the 
drain and source electrodes of TFT 14, and therefore the 
threshold voltage Vth is applied to the other terminal of the 
capacitor 19. Finally, the signal line W1 is changed to the L 
level, the node a is disconnected from the node b, and 
thereby the capacitor 19 stores the voltage (Vdata-vth). 

[0046] During the time A2, since display signals are being 
Written into the pixels in the lines other than the given line, 
the signals on the signal lines L1, R1, P1, and W1 are 
unchanged. At this time, although the voltage on the signal 
line D1 changes, TFT 13 is in the OFF state, and therefore 
the voltage (Vdata-Vth) stored in the capacitor 19 is 
retained. 

[0047] During the time B, When the signal line S _poW is 
maintained at the L level, since TFT 23 of the reference 
current source 22 is in the OFF state, the line E1 is supplied 
With a current from the poWer supply 27 via a resistor 25. 
The current iref ?oWing through the line E1 can be obtained 
Which is a constant current nearly equal to Vx/Rx, Where Vx 
is a voltage of the poWer source 27, and Rx is a resistance 
of the resistor 25, by selecting the voltage of the poWer 
supply 27 to be suf?ciently high. 

[0048] The resistor 25 can be fabricated by patterning into 
a narroW strip a polysilicon ?lm used for source and drain 
electrodes of thin ?lm transistors, or a metal lead used for a 
gate electrode of thin ?lm transistors. In this embodiment, 
TFT 24 is provided as a protective diode circuit for pre 
venting the high voltage of the poWer supply 27 from 
appearing on the lines E1, E2. 

[0049] During the time B1, TFT 16-TFT 18 and the 
capacitor 20 of the pixel circuit operate. During the time B1, 
by changing the signal lines L1 and R1 to the H level, TFT 
16 and TFT 17 are turned ON, thereby the constant current 
iref generated by the reference current source 22 ?oWs 
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through TFT 18. At this time, TFT 18 operates in its 
saturation region, and there appears betWeen the gate and 
source electrodes of TFT 18, a voltage Vref necessary for 
TFT 18 to How the current iref betWeen its drain and source 
electrodes, and the voltage Vref is applied to the capacitor 
20. Thereafter, When the signal lines L1 and R1 change to 
the L level, and thereby TFT 16 and TFT 17 are turned OFF, 
the current ?oWing through TFT 18 changes to Zero, but the 
voltage Vref is stored in the capacitor 20. 

[0050] During the time B2, although the current iref is 
being Written into the pixels in the lines other than the given 
line, since the control signals on the signal lines L1 and R1 
are at the L level, TFT 16 and TFT 17 continue to be in the 
OFF state, and therefore the voltage of the capacitor 20 is 
retained. 

[0051] During the time C, the signal line S _poW is 
changed to the H level, and thereby TFT 23 is turned ON, 
and the reference current source 22 does not function, the 
lines E1 and E2 are supplied With a current from the poWer 
supply 26, but not from the reference current source 22. By 
changing the signal line L1 to the H level, TFT 18 is supplied 
With the current from the poWer supply 26 via TFT 16. At 
this time, TFTs 18 in all the pixel circuits generate the 
constant current iref due to the voltage Vref stored in the 
capacitor 20, and consequently, the constant current iref ?oW 
through the EL elements 21, and the EL elements 21 emit 
light of uniform intensity (the EL elements are ON). 

[0052] On the other hand, the signal line D1 is supplied 
With a triangular Waveform voltage varying from the loWest 
voltage to the highest voltage of a range Where analog 
voltages of display signals can take. During the time C, the 
voltage on the signal line D1 increases gradually With time 
in a triangular Waveform fashion, and therefore the voltage 
at the node a in the pixel 12 also increases. When the voltage 
on the signal line D1 becomes equal to the voltage Vdata 
having been Written into each of the pixels 12 during the 
time A1, the voltage at the node a becomes equal to the 
threshold voltage Vth of TFT 14, and thereby TFT 14 
changes from OFF to ON, the charge in the capacitor 20 is 
discharged through TFT 14, and the voltage at the node b 
changes to the L level. As a result, TFT 18 is turned OFF 
Which has been ?oWing the constant current iref there 
through, and the EL element 21 ceases to emit light because 
the current ?oWing through TFT 18 becomes Zero (the EL 
elements are OFF). 

[0053] The ratio in duration of the ON time to the OFF 
time of the EL element 21 can vary from 0% to 100% 
according to the voltage Vdata Written into the capacitor 19 
of each of the pixels 12 as a display signal. The light 
intensity of the EL element 21 during its ON time is kept 
constant by the constant current iref, and therefore the 
average luminance of the pixel 12 is controlled by the ratio 
in duration of the ON time to the OFF time of the EL element 
21. Gamma correction can be made on a relationship 
betWeen the analog signal voltages Vdata and the average 
luminance by varying the angle of slope of the triangular 
Waveform. 

[0054] Further, a voltage of a Waveform increasing With 
time discontinuously can be used instead of the voltage of a 
triangular Waveform illustrated in FIG. 3A. For example, a 
voltage of a Waveform can be used Which increases With 
time in a staircase fashion. 
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[0055] The voltage signal of the triangular Waveform or an 
alternative Waveform determines timing for ceasing supply 
of a current to a light emitting element of each pixel based 
upon its variance in voltage With time. 

[0056] As explained above, since the average luminance 
of each pixel can controlled to provide many gray scale 
levels based upon analog signal voltages Vdata Which are 
display signals, the ?rst embodiment in accordance With the 
present invention is capable of displaying an image contain 
ing various gray scale levels. 

[0057] Further, in this embodiment, current signals to be 
supplied to the pixel 12 are only the constant current iref 
required for causing the EL element 21 to produce the 
maximum luminance, and consequently, it is possible to 
charge a capacitive load coupled to the line E1 With a high 
speed. Adark display by the pixel is realiZed by reducing the 
light emission time of the EL element based upon the analog 
signal voltage Vdata. 

[0058] As is apparent from the above explanation, the ?rst 
embodiment of the present invention is capable of providing 
an EL display having many gray scale levels, and a high 
resolution EL display. 

[0059] (2) FIG. 4 is a circuit diagram illustrating pixels 
and their peripheries in a second embodiment in accordance 
With the present invention. A plurality of pixels 12 are 
arranged in tWo dimensions in a display region 11 for 
displaying an image. In the second embodiment of the 
present invention, the pixel 12 is composed of a pixel circuit 
formed of TFT 33-TFT 37 and capacitors 38, 39, and an EL 
element 21. A cathode of the EL element 21 is connected to 
a common electrode 29. All of TFT 31-TFT 37 are p-channel 
type thin ?lm transistors. 

[0060] Arranged in a matrix con?guration in the display 
region 11 are signal lines D1, D2 for transmitting analog 
voltage signals containing display signals, lines E1, E2 for 
supplying a current serving as a reference, and signal lines 
W1, W2, P1, P2, R1, R2 for controlling the pixel circuit of 
the pixel 12. A poWer supply 26 for supplying an electric 
current to the EL element 21, and a signal line signal line 
S _poW for controlling supply of the poWer-supply current 
are connected to all the pixels 12. 

[0061] A reference-current source 40 is disposed outside 
of the display region 11, and is composed of a plurality of 
TFT-resistor combinations arranged laterally in FIG. 4. 
Each of the combinations is formed of a resistor 41 for 
generating a constant current and TFT 42 Which is a pro 
tective diode for preventing a large negative voltage from 
appearing on the lines E1 and E2. The reference-current 
source 40 is connected to a poWer supply 27 for generating 
a reference current, and the lines E1 and E2 for supplying a 
constant current. A positive side of the poWer supply 27 is 
connected to a grounding electrode 28. The grounding 
electrode 28 and the common electrode 29 are electrically 
connected together. 

[0062] FIG. 2 is an illustration of a con?guration of an 
embodiment in accordance With the present invention. The 
display region 11 is disposed on a surface of a glass substrate 
1, and a plurality of pixels 12 are fabricated in the display 
region 11. 

[0063] With the con?guration of the embodiment of the 
present invention in FIG. 2, in the second embodiment of 
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the present invention, disposed on the surface of the glass 
substrate 1 are the signal lines W1-Wn, P1-Pn, and R1-Rn, 
the signal lines D1-Dm, the lines E1-Em, a scanning circuit 
2 for generating control signals for the signal lines P1-Pn, 
W1-Wn, and R1-Rn, a signal circuit 3 for generating signals 
for the signal lines D1-Dm, and the reference current source 
40 for generating currents in the lines E1, E2. The scanning 
circuit 2, the signal circuit 3, and the reference current 
source 40 can be formed by fabricating thin ?lm transistors 
on the glass substrate 1, or can be formed by attaching 
semiconductor LSIs on the glass substrate 1. Capability of 
the scanning circuit 2 for supplying signals to the signal lines 
P1-Pn, W1-Wn, and R1-Rn is improved by arranging the 
scanning circuits 2 on opposite sides of the display region 
11. The signal circuit 3 and the reference current source 40 
may be disposed either above or beloW the display region 11 
in FIG. 2. The scanning circuit 2 is a logical circuit for 
generating binary digital signals for the signal lines P1-Pn, 
W1-Wn, and R1-Rn. The signal circuit 3 is an analog circuit 
for supplying display signals in the form of analog voltage 
signals to the signal lines D1-Dm. Although not shoWn in 
FIG. 2, the common electrode 29 is formed to cover the 
display region 11, and is connected to the cathodes of the EL 
elements 21 of the pixels 12. Light emitted from the EL 
element 21 of the pixel 12 passes through the glass substrate 
1 toWard its rear surface, and a display image is vieWed from 
the reverse side of paper of FIG. 2. If the common electrode 
29 is made of transparent material, the display image can 
also be vieWed from the front side of FIG. 2. An organic EL 
diode can be used as the EL element 21. If red, green, and 
blue light emitting materials are used for corresponding ones 
of the EL elements 21, a color display can be produced. 
Incidentally, in the second embodiment of the present inven 
tion, the signal lines L1-Lm shoWn in FIG. 2 are not 
necessary. 

[0064] Incidentally, the display region 11 is illustrated as 
formed of only four (2x2) pixels 12 in FIG. 4, but the 
display region 11 intended for practical use has a larger 
number of pixels. In the case of resolution of color VGA 
(640 pixels><3 colors (red, green and blue)><480 pixels), the 
number m of pixels arranged in a horiZontal direction in 
FIG. 2=1,920, and the number n of pixels arranged in a 
vertical direction in FIG. 2=480. The numbers of the signal 
lines D1-Dm and the lines E1-Em are 1,920, respectively. 
The numbers of the signal lines P1-Pn, W1-Wn, and R1-Rn 
are 480, respectively. 

[0065] The second embodiment of the present invention 
differs from the ?rst embodiment of the present invention, in 
that the thin ?lm transistors forming the pixels are of the 
p-channel type, the lines for supplying the supply voltage to 
the EL elements 21 are separated from the lines E1, E2, the 
lines E1, E2 are con?gured so as to How the currents serving 
as a reference only, and the reference current source 40 has 
a con?guration different from that of the reference current 
22. 

[0066] The drive voltage Waveform, an operating voltage 
Waveform, and an operating current Waveform of the pixels 
in the second embodiment in accordance With the present 
invention are the same as those for the ?rst embodiment 
shoWn in FIG. 3, except that the polarities of all the 
Waveforms are inverted, the more negative values are nearer 
the top of FIG. 3A, and the H level and the L level are 
interchanged, because the thin ?lm transistors forming the 
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second embodiment of the present invention are of the 
p-channel type, While the thin ?lm transistors forming the 
?rst embodiment of the present invention are of the n-chan 
nel type. Further, since the lines for supplying the supply 
voltage to the EL elements 21 are separated from the lines 
E1, E2, the signals for the lines L1, L2 shoWn in FIG. 3A 
are not necessary in this embodiment. 

[0067] In the reference current source 40, by selecting the 
voltage of the poWer supply 27 to be sufficiently high, the 
current iref can be obtained Which is a constant current 
nearly equal to Vx/Rx, Where Vx is a voltage of the poWer 
source 27, and Rx is a resistance of the resistor 41. The 
resistor 25 can be fabricated by patterning into a narroW strip 
a polysilicon ?lm used for source and drain electrodes of 
thin ?lm transistors, or a metal lead used for a gate electrode 
of thin ?lm transistors. 

[0068] During the time A, TFT 31-TFT 33 and the capaci 
tor 38 operate, and the capacitor 38 stores the analog voltage 
containing display data. 

[0069] During the time B, TFT 34-TFT 37, and the capaci 
tor 39 operate, and the capacitor 39 stores a voltage Vref 
betWeen its gate and source electrodes necessary for TFT 34 
to How the current iref betWeen its drain and source elec 
trodes. 

[0070] During the time C, the signal line D1 is supplied 
With a triangular Waveform voltage, and the ratio in duration 
of the ON time to the OFF time of the EL element 21 can 
vary from 0% to 100% according to the analog voltage 
Vdata stored in the capacitor 38 of each of the pixels 12. The 
light intensity of the EL element 21 during its ON time is 
kept constant by the constant current iref, and therefore the 
average luminance of the pixel 12 is controlled by the ratio 
in duration of the ON time to the OFF time of the EL element 
21. 

[0071] Therefore, since the average luminance of each 
pixel can controlled to provide many gray scale levels based 
upon the analog signal voltages Vdata Which are display 
signals, the second embodiment in accordance With the 
present invention is capable of displaying an image contain 
ing various gray scale levels. 

[0072] Further, in this embodiment, current signals to be 
supplied to the pixel 12 are only the constant current iref 
required for causing the EL element 21 to produce the 
maximum luminance, and consequently, it is possible to 
charge a capacitive load coupled to the line E1 With a high 
speed. Adark display by the pixel is realiZed by reducing the 
light emission time of the EL element based upon the analog 
signal voltage Vdata. 

[0073] As is apparent from the above explanation, the 
second embodiment of the present invention is capable of 
providing an EL display having many gray scale levels, and 
a high-resolution EL display. 

[0074] (3) FIG. 5 is a circuit diagram illustrating pixels 
and their peripheries in a third embodiment in accordance 
With the present invention. A plurality of pixels 12 are 
arranged in tWo dimensions in a display region 11 for 
displaying an image. The pixel 12 is composed of a pixel 
circuit formed of TFT 51-TFT 56 and capacitors 57, 58, and 
an EL element 21. A cathode of the EL element 21 is 
connected to a common electrode 29. All of TFT 51-TFT 56 
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are n-channel type thin ?lm transistors. Asource electrode of 
TFT 56 and one terminal of the capacitor 57 are connected 
to grounding electrodes 59, 60, respectively, Which in turn 
are ?xed at ground potential With grounding lines, or are 
connected to the common electrode 29. 

[0075] Arranged in a matriX con?guration in the display 
region 11 are signal lines D1, D2 for transmitting digital 
signals containing display signals, lines E1, E2 for supplying 
a current serving as a reference, and a current to be ?oWed 
into the EL element 21, and signal lines W1, W2, L1, L2, R1, 
R2 for controlling the piXel circuit of the piXel 12. 

[0076] A reference-current source 22 is disposed outside 
of the display region 11, and is composed of a plurality of 
TFT-resistor combinations arranged laterally in FIG. 5. 
Each of the TFT-resistor combinations is formed of TFT 23, 
TFT 24, and a resistor 25. The reference-current source 22 
is connected to a signal line S _poW carrying a signal for 
sWitching betWeen the reference current and a poWer-supply 
current, a poWer supply 26 for supplying a current to the EL 
element 21, a poWer supply 27 for generating the reference 
current, and lines E1, E2 for supplying currents. The nega 
tive side of the poWer supply 27 is connected to a grounding 
electrode 28. The grounding electrode 28 and the common 
electrode 29 are electrically connected together. 

[0077] FIG. 2 is an illustration of a con?guration of an 
embodiment in accordance With the present invention. The 
display region 11 is disposed on a surface of a glass substrate 
1, and a plurality of piXels 12 are fabricated in the display 
region 11. 

[0078] With the con?guration of the embodiment of the 
present invention in FIG. 2, in the third embodiment of the 
present invention, disposed on the surface of the glass 
substrate 1 are the signal lines L1-Ln, W1-Wn, and R1-Rn, 
the signal lines D1-Dm, lines E1-Em, a scanning circuit 2 for 
generating control signals for the signal lines L1-Ln, 
W1-Wn, and R1-Rn, a signal circuit 3 for generating signals 
for the signal lines D1-Dm, and a reference current source 
22 for generating currents in the lines E1, E2. The scanning 
circuit 2, the signal circuit 3, and the reference current 
source 22 can be formed by fabricating thin ?lm transistors 
on the glass substrate 1, or can be formed by attaching 
semiconductor LSIs on the glass substrate 1. Capability of 
the scanning circuit 2 for supplying signals to the signal lines 
L1-Ln, W1-Wn, and R1-Rn is improved by arranging the 
scanning circuits 2 on opposite sides of the display region 
11. The signal circuit 3 and the reference current source 22 
may be disposed either above or beloW the display region 11 
in FIG. 2. The scanning circuit 2 is a logical circuit for 
generating binary digital signals for the signal lines L1-Ln, 
W1-Wn, and R1-Rn. The signal circuit 3 is a logical circuit 
for supplying display signals in digital form to the signal 
lines D1-Dm. Although not shoWn in FIG. 2, the common 
electrode 29 is formed to cover the display region 11, and is 
connected to the cathodes of the EL elements 21 of the piXels 
12. Light emitted from the EL element 21 of the piXel 12 
passes through the glass substrate 1 toWard its rear surface, 
and a display image is vieWed from the reverse side of paper 
of FIG. 2. If the common electrode 29 is made of transparent 
material, the display image can also be vieWed from the 
front side of FIG. 2. An organic EL diode can be used as the 
EL element 21. If red, green, and blue light emitting mate 
rials are used for corresponding ones of the EL elements 21, 
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a color display can be produced. In the fourth embodiment 
of the present invention, the signal lines P1-Pm shoWn in 
FIG. 2 are not necessary 

[0079] Incidentally, the display region 11 is illustrated as 
formed of only four (2x2) piXels 12 in FIG. 5, but the 
display region 11 intended for practical use has a larger 
number of pixels. In the case of resolution of color VGA 
(640 piXels><3 colors (red, green and blue)><480 pixels), the 
number m of piXels arranged in a horiZontal direction in 
FIG. 2=1,920, and the number n of piXels arranged in a 
vertical direction in FIG. 2=480. The numbers of the signal 
lines D1-Dm and the lines E1-Em are 1,920, respectively. 
The numbers of the signal lines L1-Ln, W1-Wn, and R1-Rn 
are 480, respectively. 

[0080] FIG. 6A illustrates a drive voltage Waveform, an 
operating voltage Waveform, and an operating current Wave 
form of the piXels in the third embodiment in accordance 
With the present invention, and FIG. 6B is a timing chart of 
the Waveforms of FIG. 6A during one frame period. The 
abscissa of FIG. 6A represents time, there is discontinuity in 
time in portions indicated by Wavy lines, and this means that 
it is possible to change the order of arrangement of times B1, 
B2, A1, A2, and C. S_poW, L1, R1, and W1 represent 
voltages supplied to their corresponding lines on corre 
sponding ones of the ordinates. “a” and “b” of FIG. 6A 
represent voltages appearing at nodes a and b in FIG. 5 on 
the respective ordinates. ILED indicates a current ?oWing 
into the EL element 21 on the ordinate. In FIG. 6A, the more 
positive values are nearer the top of FIG. 6A. The signals of 
S _poW, L1, R1, W1, and D1 are binary logical voltages, H 
and L levels, and the signal of D1 is an analog signal voltage. 
The H level is a voltage higher than a voltage capable of 
turning ON any of TFTs in the piXel 12, and the L level is 
a voltage loWer than a voltage capable of turning OFF any 
of TFTs in the piXel 12. Hatched portions in FIG. 6A 
indicate they can take plural values, or they are not relevant 
to operations. 

[0081] Asuffix “1” in D1, L1, R1, W1, and D1 in FIG. 6A 
indicates that they are signals supplied to the piXel 12 in the 
?rst column and the ?rst roW, and therefore voltages D, L, 
R, W and D for other piXels are folloWed by numerals 
indicating roWs or columns associated With them. 

[0082] In the timing chart in FIG. 6B, the ordinate rep 
resents line numbers in the display region 11, “mth” indi 
cating that a given piXel 12 is in the mth line from the top 
of the display region 11, and the abscissa represents time in 
one frame period. 

[0083] One frame period is divided into a time B for 
Writing the reference current into the piXels, a time A for 
Writing display signals into the piXels, and a time C for the 
EL elements to emit light and thereby to display an image. 
The time B is divided into times Bi each of Which is used for 
Writing the reference signal into the piXels in a given line and 
times B2 each of Which is used for Writing the reference 
current into piXels in lines other than the given line. The time 
A is divided into times A1 each of Which is used for Writing 
display signals into piXels in a given line and times A2 each 
of Which is used for Writing display signals into piXels in 
lines other than the given line. 

[0084] During the time A, the times A1 are assigned to 
successive time positions of the ?rst (at the beginning of the 




















